Relief from pain in humans is rewarding and pleasurable. Primary rewards, or reward-predictive cues, are encoded in brain reward/motivational circuits. While considerable advances have been made in our understanding of reward circuits underlying positive reinforcement, less is known about the circuits underlying the hedonic and reinforcing actions of pain relief. We review findings from electrophysiological, neuroimaging, and behavioral studies supporting the concept that the rewarding effect of pain relief requires opioid signaling in the anterior cingulate cortex (ACC), activation of midbrain dopamine neurons, and the release of dopamine in the nucleus accumbens (NAc). Understanding of circuits that govern the reward of pain relief may allow the discovery of more effective and satisfying therapies for patients with acute or chronic pain.
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Relief of Pain Is a Reward
Substantial scientific progress in the past century has deepened our understanding of somatosensation, including the neurobiology of pain that often follows from activation of nociceptors [1, 2] . Pain is commonly categorized along with other sensations and relief of pain is thus often interpreted simply as termination of nociceptive transmission. Early Greek philosophers, however, grouped pain with emotions and appetites rather than sensation. Pain was considered to be the opposite of pleasure [3] . This elegant and deep insight is consistent with emerging data revealing mechanisms underlying the emotional and motivational features of pain. Relief of aversive states, including pain, often promotes a positive emotional state. Thus, relief of an acute pain stimulus has been appropriately described as a reward [4, 5] . Rewarding features of pain relief are likely to facilitate learning during the healing process about actions leading to relief. The neural mechanisms within reward and motivational circuits underlying reward from pain relief may therefore drive decisions promoting pain relief-motivated behavior that accelerate recovery.
Patients with chronic pain often suffer comorbid emotional disorders and cognitive deficits including anxiety, depression, and attention or memory impairments, suggesting altered neuronal processing in the brain. Structural and functional remodeling of the brain has been demonstrated in chronic pain patients [6] [7] [8] . Clinically, it is well known that the duration of pain positively correlates with the difficulty of achieving satisfactory pain relief with currently available treatments [9] . Brain maladaptations during chronification of pain, specifically in circuits underlying the reward of pain relief, may be partly responsible for decreased analgesic efficacy [10, 11] . It is therefore important to determine how reward from relief of pain is encoded in the brain and whether functional adaptations may occur in these circuits in the setting of chronic pain.
The neural encoding of rewarding and aversive events and circuits that generate behavioral responses has been of intense interest to neuroscientists. Until recently, however, little was known about the motivational circuits engaged by the relief of pain [12] . We review current literature supporting the concept that relief of pain aversiveness can be considered a natural
Trends
Electrophysiological studies in rats demonstrate that a subset of mesolimbic dopamine neurons that are initially inhibited by a noxious stimulation show 'rebound' excitation at the offset of the stimulus.
Recent investigations using fast-scan cyclic voltammetry in rats show phasic dopamine release in the nucleus accumbens shell at the termination of a noxious tail pinch.
Using neuroimaging in humans and rats, increased BOLD activity was detected at the offset of a brief noxious stimulus in the nucleus accumbens and in the anterior cingulate cortex.
In Drosophila, rodents, and humans, relief of an acute painful stimulus is associated with conditioned reward learning.
In rats, relief of ongoing pain promotes a conditioned place preference that requires opioid signaling in the anterior cingulate cortex and subsequent release of dopamine in the nucleus accumbens.
